In our continuing research on biologically active glycosphingolipids (GSLs) from echinoderms, a series of studies on the isolation and structural elucidation of the GSLs from sea cucumber species have been performed in our laboratory. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In the study of the GSLs of the sea cucumber Holothuria pervicax, we reported the isolation and structure of ten glucocerebrosides revealing a very close resemblance in structure.
In our continuing research on biologically active glycosphingolipids (GSLs) from echinoderms, a series of studies on the isolation and structural elucidation of the GSLs from sea cucumber species have been performed in our laboratory. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In the study of the GSLs of the sea cucumber Holothuria pervicax, we reported the isolation and structure of ten glucocerebrosides revealing a very close resemblance in structure. 9) However, all these compounds still exist as a mixture of regio-isomers for terminal methyl groups in the side chain of the long-chain base (LCB) moiety, namely a mixture of iso and ante-iso isomers as shown in Fig. 1 . Continuing the previous studies, the separation of the mixture of the regio-isomers was conducted. In this paper, we report on the isolation of an ante-iso type regio-isomer of glucocerebroside from its parent glucocerebroside molecular species HLC-2, an abundant compound obtained from the whole bodies of the sea cucumber Holothuria leucospilota (Nisekuronamako in Japanese). 12) The less polar lipid fraction, which was obtained from the chloroform/methanol extract of the whole bodies of H. leucospilota, was subjected to repeated silica gel column chromatography to give three cerebroside molecular species, HLC-1, HLC-2, and HLC-3, each showing a single spot on silica gel thin-layer chromatography (TLC).
In the IR and positive-ion FAB mass spectra of HLC-1, HLC-2, and HLC-3, strong hydroxy and amide absorptions and a series of molecular ion peaks are observed. Their 13 C-NMR spectra (Fig. 1, Table 1 ) exhibit the characteristic signals of a sphingosine-type b-glucocerebroside possessing an unsubstituted fatty acid (HLC-1), a sphingosine-type b-glucocerebroside possessing a 2-hydroxy fatty acid (HLC-2), and a phytosphingosine-type b-glucocerebroside possessing a 2-hydroxy fatty acid (HLC-3), respectively. Therefore, they are suggested to be the molecular species of three typical types of glucocerebrosides. Their structures shown in Fig. 1 were characterized by comparison of their 13 C-NMR spectral data with those of known glucocerebrosides [2] [3] [4] hitherto obtained, and by means of the results of their chemical degradations, namely methanolysis followed by the GC-MS analysis of the methanolysis products, fatty acid methyl ester (FAM), and LCB, as shown in Fig. 2 and Experimental. The geometry (Z) of the double bond in the unsaturated fatty acyl moiety of HLC-1-HLC-3 was determined from the d value (27.4, 27.5) of the allylic carbon atoms obtained from their 1 H-detected heteronuclear multiple-bond connectivity (HMBC) spectra (Fig. 3) (Experimental).
The isolation of a pure glucocerebroside possessing only the ante-iso type of an LCB moiety was conducted using the main molecular species, HLC-2, as follows.
The reverse-phase (C18) column chromatography of HLC-2 gave seventeen fractions, each showing a single spot on reverse-phase TLC as shown in Fig. 4A . The 13 C-NMR spectra of these fractions indicate fraction 12, the major fraction, contain the ante-iso isomer on the basis of the signals due to methyl groups at d C : 11.6 and 19.4. When the fraction 12 was analyzed by reverse-phase (C30) HPLC, it was separated into ten peaks (Fig. 4B ), and could be recovered to give ten fractions (fr. 1Ј-fr. 10Ј). The measurements of the 13 C-NMR spectra of the four major fractions, fr. 3Ј, 7Ј, 9Ј and 10Ј, each behaving as pure compounds in HPLC, reveal only fr. 7Ј contains ante-iso isomer, and further the fraction is still a mixture containing an iso isomer. Fraction 7Ј was successively separated using recycling reverse-phase (C30) HPLC, and a fraction, HLC-2-A, showing the 13 C-NMR signals ascribable to only ante-iso isomer (see Table 1 ), could be isolated as shown in Fig. 4C .
In the positive-ion FAB mass spectrum, HLC-2-A revealed a single quasi-molecular ion peak [MϩNa] ϩ at m/z: 808. Upon methanolysis, HLC-2-A yielded methyl 2-hydroxydocosanoate and 2-amino-1,3-dihydroxy-4-heptadecene as its fatty acid and LCB components, respectively.
On the basis of the above data, the structure of HLC-2-A is proposed to be b-D-glucopyranosyl ceramides, as shown in Fig. 5 . HLC-2-A was found to be identical with CE-2b isolated from the sea cucumber Cucumaria echinata. 2) At this time, we were able to separate the ante-iso type regio-isomer of the glucocerebroside from its counterpart iso type isomer by the aid of reverse-phase HPLC that included a recycling system. The present study is, to the best of our a-d) Terminal methyl groups in the normal, iso and ante-iso type of side chain (see Fig. 1 ). e-g) Assignments may be interchanged in each vertical column. knowledge, the first regarding the separation of such regioisomers of a cerebroside. The separation of glucocerebrosides revealing the very close resemblance in structure is worth noting. As for the absolute configuration of the branched methyl group of the LCB moiety of HLC-2-A, we plan to attempt its determination in the future.
Experimental
Melting points were determined on a micro melting point apparatus (Yanako MP-3) without correction. Optical rotations were measured with a Jasco Dip-370 digital polarimeter at 25°C. IR spectra were obtained on a Jasco FT/IR-410 infrared spectrophotometer. Separation of HLC-1, HLC-2 and HLC-3 Whole bodies of the sea cucumber Holothuria leucospilota (wet weight 49.9 kg, collected at Ushibuka, Kumamoto Prefecture, Japan) were homogenized and extracted with CHCl 3 /MeOH (1 : 2, 27.5 l, three times). The combined extracts were concentrated in vacuo to give an aqueous suspension, which was extracted three times with AcOEt/n-BuOH (2 : 1, 12.5 l). The organic layer was concentrated in vacuo, and the residue (495.2 g) was washed with cold acetone to give an acetone-insoluble fraction (less polar lipid fraction, 83.0 g). The less polar lipid fraction was chromatographed on silica gel (solvent Table 1 . Methanolysis of HLC-1 HLC-1 (2.1 mg) was heated with 5% HCl in MeOH (1.6 ml) at 70°C for 4 h. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield a mixture of FAM. The MeOH layer was neutralized with Ag 2 CO 3 , filtered, and the filtrate was concentrated in vacuo to give a mixture of LCB and methyl glycoside.
GC (Fig. 4A): fr. 1 (10 mg), fr. 2 (17 mg), fr. 3 (23 mg), fr. 4 (34 mg) Fig. 4 , condition (b)] showed ten peaks (Fig. 4B) . Using this condition, 1.6 g of fraction 12 was separated by HPLC to give ten fractions: fr. 1Ј (41 mg), fr. 2Ј (46 mg), fr. 3Ј (155 mg), fr. 4Ј (31 mg), fr. 5Ј (37 mg), fr. 6Ј (31 mg), fr. 7Ј (135 mg), fr. 8Ј (44 mg), fr. 9Ј (68 mg), fr. 10Ј (95 mg). Fraction 7Ј (130 mg) was successively separated by using recycling HPLC [Fig. 4, conditions (c) ] to yield HLC-2-A (7 mg) (Fig. 4C) 
